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^ERAMIDE ANALO GS. PROCESS FOR THEIR PREPARATION AND THEIR 
USE AS ANTITUMOR AGENTS 
Field of the Invention 

The present invaifion concerns the oeramide aisdog compounds of the geroral 
s fonmila (I) spedfied below, th^ conesponding preparaficNi piocess, and their use 
in the preparation of phannaceutical fbnnulations with an antitumor efHecL 
State of the art 

Ceranudes are lipids composed of a fatty add and sphingoslne joined together by 
an anride link; they are generated by sphingomyelin, a sphingoiipld oocurmig in 
10 ttie membranes of eukafyote cells due to the action of the en^me 
spWngomyeilnase. or they are synthesized by the action of the enzyme oeramUe 
synthetase. 

Sphingolipids such as sphingomyelin have always been considered as stable and 
metaboiicany inactive stmctural components of the membranes, it is only in the 

IS last decade that it has been demonstrated, instead, that sphingolipids have an 
adive rde in the mechanisms regulating eel response to exogenous stfafnuii, as 
well as in regulating <^\l growth, differentiation, transfonnation and adhesion. 
It has also recently- been demonstr a ted that Vne products of the demolition of 
sphlngd^ids, i.e. oeramides and sphingoslne, play an important part in regulating 

20 the transmis^on mechanisms of the signals oontrdled by the memlwane 
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sphingolipids (Teruyuki Sakai et al., Exp Opin Ther Patents [1988] 8 [12]: 1673- 
1682). In particular, the distinctive characteristic of these products seems to be 
their involvement in the antiproHferative mechanisms of ceii regulation, such as cell 
growth inhibition, the induction of cell differentiation and programmed cell death, or 
apoptosis. 

Apoptosis has recently been the object of numerous studies (e.g. Ross A. Kinloch 
et ai.. 77PS. Jan 1999 po]: 35-42). because this phenomenon lends itself to 
phannacological "manipuiatlon": in fact, a reduction in the frequency of the onset 
of cell apoptosis can have severe pathoiogicai consequences and fecilitate tumor 
growth, hence tlie therapeutic potential of all ttK>8e compounds that are capable of 
stimulating apoptosis. 

From in-depth studies It has emerged that the ceramides in the cdl\ membranes 
act as intracellular "effectors" of apoptosis. £Uid therefore as potential inhitrilois of 
tumor growth. 

In order to boost this capacity of the endogenous ceramides pharmacologically, 
the ideal strategy seems to be to devetop endogenous ceramide analogs that 
mimic ttieir effects, are stable in relation to metabdization of the sphingosine 
ceramide and have an inhibitofy effect on the ceramidase in order to prevent the 
generation of sphingosine. \which represents a factor that stimulates proliferation, 
starting from the endogenous sources of ceramides. 

Such ceramide analogs should also have the capacity to penetrate the ceil 
membrane. 

There is consequent a need for ceramide analog compounds that are capable of 
crossing the cell membranes, penetrating inside the cells and mimicking tiie 
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various properties of the cerafrudes, and particulariy fhat of indudng apoptosis in 
human cancer celts. 
Summary of the invention 

The Applicant has now surprisingly discovered that the ceramide analog 
5 compounds of formula (I): 



wherein: 

Xi and X2 are selected between O and S; 

Ri and R2 are selected between -(CH2)i3CH3 and alkyi or alkyiene groups with 
10 from 2 to 6 cart>on atoms, linear or branching, unsubstltuted or substituted with 
one or more substituents selected among aromatic, primary, secondary and 
tertiary amtnic, quatemary ammonium, carboxyiic, hydroxyltc, polyoxyalkylic and 
ethereal groups, aminoadds, halogen atoms or saccharidte portions, provMing that 
between Ri and R2 only one is always -<CH2)i3CH3, 
IT Rs and R^ are selected between H and alkyt or alkyiene groups witti from 2 to 6 



carbon atoms, linear or branching, unsut>stituted or substituted with one or more 
substituents selected among aromatic, primary, secondary and tertiary aminic, 
quatemary ammonium, carisoxylic, hydroxylte, polyoxyalkylic and ethereal groups, 
aminoadds, halogen atoms or saccharidic portions, 
20 are callable of penetrating inside the btological membranes and effectively 
inducing apoptosis of the cancer cells. 




(I) 
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The compounds of the general formula (I) corisldered in the present invention 
have therefore proved suitable for the preparatton of pharmaceutical formulations 
for the treatment of tumors. 

The object of the present invention is therefore represented by the compounds of 
5 the general formula (i), their corresponding preparation process, and their use in 
the preparation of pharmaceutical formulations for use in the treatment of tumors. 
The characteristics and advantages of the compounds of the general formula (t) 
according to ttie present invention will be illustrated in detail in the fcrilowing 
description. 

10 DETAILED DESCRIPTION OF THE INVENTION 

The present invention refers to the compounds of the general formula (1), as 
defined above. Said compounds (i) have proved capable of penetrating inside the 
bioiogicdl membranes and effectively inducing the apoptosis of cancer cells. The 

following compounds have proved particularly effective and highly cytotoxic: 

ni 

fy 15 • compound of formula (I) where Xi= S. Xa = O, Ri = -(CH2)i3CH3, R2 = ettiyl, 
PJ and R3 B R4 s H [oompound (3)]; 

• compound of fonnula (1) where Xi= )^ = O, Ri = -(CHzhaCHs, = ethyl, and 
Rs s R4 - H [compound (4)]; 

compound of fomuiia (I) where Xi^ )^ - O. Ri - -(CH2)i3CH3. 1^ ~ n-propyi. 
20 and R3 = R4 - H [compound (6)]; 

• compound of fonnuia (i) where Xi^ )^ s s -(CH2)i3CH3i - Abutyl. and 
R3 s R4 - H [compound (10)]; 

The present compounds of Ibmiuia (1) can be conveniently prepared by processes 
well known in tiie art For example, a process for the preparation of the present 
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compounds of formula (I) wherein R3 « R4 » H includes the following steps: 

i) reaction of the ethyl ester (11) with add chloride (111) to obftein the &-ketoester of 

fonnuta (IV): 




5 (II) (ill) (IV) 

iO reaction of the &-ketoester of formula (IV) vtritii tt^urea (V) to obtein tiie 
conusound of formula (I) where Xi= S. X2 = O: 



10 




ill) reaction compound of formula (i) where Xi~ S. )^ = O, with refluxed 
chforoaoetic add to otatebi the compound of formula (I) wherein Xi^ X2^0: 



15 




wherein Xi.)^, Ri and 1^ have above-specified meanings. 
Step i) of the said process is generally carried out in an organic solvent, such as 
20 THF. at a temperature of O'C. Said reaction is preferably carried out In an inert gas 
atmosphere. 
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The reaction fHoduct of formula (iV) can be reccv^ed from the reaction mixture tiy 
addition of a saturated NH4CI solution and subsequent extraction with diethyl ether. 
Step ii) of the present process is earned out by means of the addition of thiourea in 
ethanol and sodium ethoxide on the raw reactton product coming from step i). vintfiout 
the need for any purification, in step ii) temperature is preferably maintained around 
90"C. The reaction product is generally recovered from the reaction mixture by 
acidification at pH 2. e.g. by adding cone. HQ. and filtration of the resulting 
precipitate, which can be purified, if necessary, by washing with acetone. 
The reaction product ot>tained in step ii) can be furtiier purified by chromatography 
on silica gel, preferably using a mixture of ethyl acetate and petroleum ether in 
proportions of 2:1 as an eluant 

Step in) of the process according to the above procedure is generally carried out 
by addfaig chloroaoetic add to the product coming from step ft). e.g. in the fomn of 
a 10% aqueous sdutfon, and reflux heated. The crude residue thus obtained can 
then be purified by washing with absolute ethanol and th«ft with diethyl ether. 
The product coming from step Bi) can be further purified by chromatography on 
silica gel, preferably using a mixture of ethyl acetete and hexane in proportions of 
1:2 as an eluant 

The present compounds of formula (I) wherein R3 and/or R4 are different from H, 
can be prepared from the (^-ketoester of formula (IV) or from the compounds of 
formula (1) wherein R3 » R4 » H. obteined for example as e)q;}tained above, by 
means of well-known processes. 

Other processes for the preparation of the present formula (I) compounds are 
disclosed in the examples. 
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The compounds of formuia (I) according to ttie present invention can be 
formulated with ptiarmaceutically acceptable exdpients and/or diluents in (xder to 
prepare piiamiaceutlcal . formulations suitable for the treatm^ of tumor 
patliologies. 

s The followring examples are given as a partial illustration of the present invention. 
EXAMPLE 1 

Preparation of the compound of formula (I) where Xi ■ S. 3^ ■ O, Rz « - 
(CHzhsCHa, Ri » ethyl, and R3 " R4 " H [compound (1)] 
A solution prepared by dissc^ng 0.37 g of ettiyl butyrate in 2 ml of anhydrous 
2io tetrahydrofuran (THF) is added drop by drop, at a temperature of O'C and in an 



argon gas atmosphere, to 1.9 ml of a 2M solution of iithiodiisopropylamine (LDA) 



% in anhydrous THF. After 30 minutes of agitation at 0*C. the reaction mixture is 
l"^ added to a solution obtained by dissolving 1 g of pentadecanol chloride (3.8 mmol) 
U in 5 ml of anhydrous THF. previously cooled to 0*C. The resulting mixture is 

m 

fu IS constantly agitated at room temperature for 12 hours, then added to a saturated 
fU solution of NH4CI. The organic phase is separated from the aqueous phase, then 
extracted with diethyl ether. The organic extracts are combined, washed with a 
saturated aqueous solution of. NaCl. dried, with anhydrous. Na2S04 and then 
evaporated until diy to provide a . crude residue (1.20 g) composed alnnost 
20 exclusively of B-ketoester (IV) where R2 = -(CH2)i3CH3 and R, = ethyl. TH-NMR 
(CDCIa. 200 MHz) 5 0.83-0.94 (m, 6H). 1.07 (t, 3H. J = 7.4 Hz). 1.15-1.36 (m. 
24H). 1.81-2.02 (m, 2H). 2.11-2.57 (m, 2H), 3.34 (t 1H, J = 7.3 Hz), 4.15 (q. 2H. J 
« 7.3 Hz). MS m/e 340 M*l. 

The resisting cmde residue (1.20 g) contauning the Q-ketoester (IV) where Rz = _ 
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(CH2)i3CH3 and Ri = ettiyi. dissolved in 20 mi of absoiute ethanot and then 
added to 3.61 g of ttiiourea (47.5 mmoi) and 6.47 g of sodium ^oxide (95.1 
mmoi). The mixture is agitated for 60 minutes at SO'C. After cooling to room 
temperature, the reaction mixture is filt^ed and the filtrate is evaporated unfH diy; 
tiie residue thus otiteined is then restored with a mixture of water and THF in 
proportions of 10:1 unGi it has tiecome con^ieteiy soluble. The soiuHon, coded to 
CC, is addified to pH 2 with cona HCI; the predpitate that develops is filtered and 
washed with smadi quantities of acetone and provides a crude residue that is 
purified t>y chromatography on silica gel using ettiyi acetate and petroleum ether in 
proportions of 2:1 as an eluant, finally otiteining 290 mg (0.82 mmoi; yield - 26%) 
of ttie required compound of formula (I) (m.p. - 167-169*C; ^H-NMR (CISCts. 200 
MHz) 5 0.89 (t, 3H, J = 6.2 Hz). 1.09 (t. 3H. J « 7.4 Hz). 1.17-1.36 (m, 24H). 2.34- 
2.49 (m, 4H). 8.88 (br, 1H, D2O exchangeable). 9.81 (br. 1H, D2O exchangeable); 
MS m/e 352 M^. 
EXAMPI-E2 

Preparation of the compound of formula (I) where Xi " X2 * O, R2 ■ - 
(CH2)i3CH3. Ri = ethyl, and R3 = R4 = H [compound (2)] 
160 mg (0.45 mmoi) of the product (1) obteined as described in Example 1 are 
added to11.4mlofa10% aqueous solution of chioroacetic add and the mixture 
thus obtained is reflux heated tor 12 hours. The resulting predpitate is ttien 
filtered, washed first with absolute ettianol. ttien wHh diettiyl ettier. to obtain a 
cnjde residue that, after purification by chromatography on silica gel using a 
mixture of etiiyl acetate and hexane in proportions of 1 :2 as an eluant gave rise to 
48 mg (0.14 mmoi. yield « 32%) of the required pure compound (m.p. « 132- 
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134'C; TH-NMR (CDCI3. 200 MHz) 6 0.87 (t. 3H, J = 6.2 Hz). 1.06 (t, 3H, J * 7.4 
Hz). 1.15-1 .36 (m. 24H). 2.31-Z49 (m, 4H), 9.06 (br, 1H. D2O exchangeable). 9.89 
(br, 1H. D2O exchangeable); MS m/e 336 M^. 
EXAMPLE 3 

Preparation of the compound of formula (1) wherein Xi^ S. Xa s o, Ri s . 
(CH2)i3CH3, Ra" ettiylt and R3 « R4 » H {compound (3)] 

A solution obtained by dissolving 1 g of ethyl palmitate (3.52 mmol) in 3 ml of 
anhydrous THF is added drop by drop, at a temperature of 0"C in an argon gas 
atmosphere, to 2.1 ml of a 2M solution of llthiodiisopropylamlne (LOA) In 
anhydrous THF. After 30 minutes of agitation at 0*C. the reaction mixture is added 
to a solution obtained by dissolving 2.39 g (4.23 mmol) of propionyl chloride in 5 
ml of anhydrous THF. The resulting mixture is constantiy agitated at room 
temperature for 12 hours, then added to a saturated solution of NH4CL The 
organic phase is separated from ttie aqueous phase, then extracted with diethyl 
ettver. The organic extracts are combined, washed witti a saturated aqueous 
solution of Naa. dried vintti anhydrous Na2S04 and then evaporated until dry to 
provide a crude residue (1.31 g) composed almost exdusivety of Qp-ketoester (iV) 
where Ri = -<CH2)i3CH3 and Ra = ethyl. [^H-NMR (CDCI3. 200 MHz) 5 0.79^.92 
'(m. 6H). 1.11 (t 3H. J = 7.6 Hz). 1.17-1.39 (m. 24H). 1.48-1.62 (m. 2H). 2.26 (q. 
2H. J = 7.6 Hz). 3.36 (t. 1H. J « 7.3 Hz). 4.15 (q. 2H. J = 7.2 Hz); MS mfe 340 M^. 
1.31 g of the resulting crude residue containing the a-ketoester (IV) where Ri = - 
(CH2)i3CH3 and R2 - ethyl, is dissolved in 20 mi of absolute ethanol and then 
added to 4.01 g of thiourea (52.8 mmol) and 7.18 g of sodium etiioxide (105.6 
mmol). The mixture is agitated for 60 minutes at 90"C. After cooling to room 
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temperature, the reaction mixture is filtered and ttie fltrate is evaporated untii dry. 
the residue thus obtained is then treated with a mixture of water and THF in 
proportions of 10:1 until it has become completely soluble. The solution is cooled 
to 0*C and acidified to pH 2 with cone. HCl; the precipitate that develops due to 

s acidi^tion is filtered and washed with small quantities of acetone and provides a 
crude residue that is purified by chromatography on siBca gel using eth^ acetate 
and petroleum ether in proportions of 2:1 as an eiuant. finally obtaining 310 mg 
(0.88 mmol; yield - 25%) of a product that coincides with the required pure 
compound 3 (m.p. = 100-102"'C: ^H-NMR (CDCI3, 200 MHz) S 0.88 (t, 3H, J = 6.4 

10 Hz), 1.01 (t, 3H. J = 7.4 Hz), 1.18-1.38 (m, 24H). 2.35 (t. 2H, J = 7.4 Hz), 2.48 (q. 
2H, J = 7.6 Hz). 9.08 (br, 1H. D2O exchangeable). 9.73 (br. 1H. D20 
exchangeable); MS m/e 352 M"^. 
EXAMPLE 4 

. Preparatton of the compound of formula 0) wherein Xi « }Qt = O, Ri s . 

IS (CH2)i3CH3. t<2 = ethyl, and R3 s R4 s h [compound (4)] 

1^ mg (0.45 mmol) of ttie ocnnpound (3) ot>talned as descrit)ed in Example 3 are 
added to 11.4 ml of a 10% aqueous solution of cNoroacetic add and the mixture 
thus obtained Is reflux heated for 12 hours. The resulting predpHate is then 
iBtered. washed first with abscHute ethanol, then with diettiyl ether, to obtain a 

20 crude residue that after purificatton by chromatography on silica gel using a 
mixture of ethyl acetate and hexane in proportions of 12 as an eiuant. gave rise to 
57 mg (0.17 mmol. yield = 38%) of tiie compound (4) (m.p. = 110-112'C; [^H-NMR 
(CDCI3, 200 MHz) 6 0.89 (t, 3H. J - 6.4 Hz). 1 .02 (t. 3H. J = 7.4 Hz), 1 .12-1 .42 (m, 
24H). 2.34 (t, 2H. J = 7.2 Hz), 2.49 (q, 2H, J = 7.6 Hz), 9.16 (br, 1H. D2O 
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exchangeable). 9.53 (br. 1H. D2O exchangeable); MS m/e 336 M"^. 
EXAMPLES 

Preparation of the compound of formula (I) wherein Xi » S. X2 » O, Ri » - 
(CH2)i3CH3, i^s n-propyl, and R3 « R4 * H [compound (5)] 

Compound (5) was prepared foHowing a procedure similar to the one described in 
Example 3, obtsdnhg a prcxluct which resulted In: MS m/e 366 M^. 
EXAMPLE 6 

Preparation of the compound of formula (i) wherein Xi b X2 s o, Ri « - 
(CH2)i3CH3, R2= n-propyl, and R3 " R4 - H [compound (6)] 

Compound (6) was prepared following a procedure similar to the one described in 
Example 4. obtaining a product which resulted in: MS m/e 350 M*. 
EXAMPLE? 

Preparation of the compound of formula (1) wherein Xi s S. Xa s o, Ri » . 
(CH2)i3CH3. R2= n-butyl, and R3 s R4B H [compound (7)] 

Compound (7) was prepared following a procedure similar to the one described in 
Example 3. obtaining a product which resulted in: MS m/e 380 M^. 
EXAMPLES 

Preparation of the compound, of. formula. (1) wherein Xi s 3Qt s o, Ri ^ . 
lCH2)i3CH3. R2= fi-butyl, and Rs s R4 s H [compound (8)] 

Compound (8) was prepared following a procedure similar to the one described in 
Exan^le 4. obtsdning a product which resulted in: MS m/e 364 M*. 
EXAMPLE 9 

Preparation of the compound of formula (I) wherein Xi ■ S. X2 » O, Ri » - 
(CH2)i3CH3, Ra « /-butyl, and R3 « R4 » H [compound (9)] 
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Compound (9) was prepared following a procedure similar to the one described in 
Example 3* obtaining a product which resulted in: MS m/e 380 M^ 
EXAMPLE 10 

Preparation of ttie compound of formula (I) wherein Xi » Xa » O, Ri s - 
(CH2)idCH3, R2-i-butyU and R3 s R4 s h [compound (10)] 
Compound (10) was prepared following a procedure similar to the one descrit)ed 
in Example 4, obtaining a product which resulted in: MS m/e 364 M^. 
EXAMPLE 11 

Preparation of the compound of formula (i) wherein Xi » 8, X2 » O, Ri s . 
(CH2)i3CH3, R2= neopentyl, and R3 s R4 = H [compound (11)] 
Compound (11) was prepared following a procedure similar to ttie one described 
in Example 3, obtaining a product which resulted in: MS m/e 394 M^ 
EXAMPLE 12 

Preparation of ttie compound of formula (I) wherein Xi ^ }^ s o, Ri - — 
(CH2)i3CHs, Ra- neopentyl, and R3 » R4 ~ H [compound (12)1 
Compound (12). was prepared following a procedure similar to the one described 
In Example 4, obtaining a product which resulted in: MS m/e 378 M^ 
EXAMPLE 13 

Preparation of tfie compound of formula (I) wherein Xi s S. Xa » O, Ri & - 
(CH2)i3CH3, R2 - 2-phenyl-ethyl, and R3 - R4 - H [compound (13)] 
Compound (13) was prepared following a procedure similar to the one described 
in Example 3, obtaining a product which resulted in: MS m/e 428 M^ 
EXAMPLE 14 

Preparation of the compound of formula (1) wherein Xi s Xa » Ri s - 
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(CH2)i3CH3, 1^- 2-phenyl-efhyl, and R3 « R4 s h (compound (14)] 
Compound (14) was prepared following a procedure similar to the one described 
in Example 4. obtaining a product which resulted in: MS m/e 412 M*. 
EXAMPLE 15 

s Preparation of the compound of formula (i) wher^n Xi =S, )^ = O, Ri « - 
(CH2)i3CHa, R2 s -(CH2)3NH2 and R3 - R4 > H [compound (15)] 



Schemel 




J 

1) NH2CCS)NH2 

2) NH2NH2 



Compound (15) was prepared foiiowing the prcx»dure described in the above 
Schemel. 

to Synthesis of p-lcetoester (32). 2.4 g (10 mmol) of 4-phthalimidot>uryric add (29) 
(prepared as described in G. Talbot, R. Gaudry, L Beriinguet Can. J. Chem. 1958, 
36, 593-596) was dissoived in 7.5 mi of SOCI2 and the mixture was refluxed under 
nitrogen for 3 houre. Excess of SOCI2 was then removed under a nitrogen flow and 
the resulting acid chloride (30) was used in the next step without further 



wo 01/07418 PCT/]^00/07023 

14 

purificafion. Separately, a solution of ethyl paimltate (31) (1.47 g. 5.16 mmol) in 
anhydrous THF (6.5 ml) was slowly added to a 1.0 M solution of lithium 
bis(tiimethyisiyl)amide (LHMDS) in THF (6.2 ml. 6.2 mmol) cooled at -20 ''C and 
the resulting mixture was stirred for additional 20 minutes. Add chloride (30) 
previously pr^ared as descrit)ed above, was dissolved in anhydrous THF (10 ml), 
cooled at -20 °C. and added via cannula to the solution containing (31) and 
LHMDS at the same temperature. The mixture was stirred at -20 ®C for 30 minutes 
and then at room temperature for 2 hours. The reaction was quendied a 
saturated aqueous solution of amn:K)nium chloride and extracted with ethyl 
acetate. The organic layer was dried over sodium sulfate and concentrated under 
vacuum. The cmde residue was purified by silica gel column chromatography 
using hexane-ethyi acetete (8:2) as the eluant. to obtein 0.95 g (1.9 mmol. 37% 
yield) of pure p-ketoester (32) as a coloriess oU: ^H NMR (COCb. 200 MHz) 5 0.87 
(t 3H, J - 6.4 Hz), 1.23 (t. 3H, J « 7.3 Hz). 1.24 (bs. 24H). 2.05 (quintet. 2H. J - 
72. Hz). 2.24-2.34 (m. 4H). 2.51 (t 2H. J » 7.6 Hz). 3.78 (t. 1H. J « 6.9 Hz). 4.12 
(q. 2H. J ' 7.1 Hz), 7.69-7.73 (m, 2H), 7.82-7.87 (m. 2H); MS (FAB*) mfe 500 
(M+H)*, 

Synthesis of thiouradi (15). p-Ketoester (32) (0.12 g, 0.24 mmol) was dissolved in 
2 ml of absolute ^hand. Thiourea (0.024 g. 0.33 mmd) and potassium f-butoxyde 
(0.028 g, 0.25 mmd) were added and the resulting ntixhire was refkoted for 5 
hours. The mixture was then cooled to room temperature arxi the sdvent was 
removed under vacuum. The residue was treated with 20 mi of water and 
neutralized with an aqueous solution of acetic add 0.5 N. The produd was 
extracted with ethyl acetete and the organic layer was washed with brine, dried 
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over anhydrous sodium sulfate and concentrated under vacuum. The crude 
residue was then redissolved in 3 ml of ethand, treated with 0.06 mi of hydrazine 
monohydrate (1.3 mmol). and the mixture was rsffluxed ovem'^ht The resulfing 
suspension was cooled to room temperature. The white solid was collected t>y 
filtration, washed with small portions of ethyl acetate, and dried under vacuum, to 
gh^e 51 mg (0.13 mmol. 54% yield) of product (15): m.p. 123-125 «C: NMR 
(CDCI3. 200 MHz) 5 0.88 (t. 3H. J = 6.4 Hz). 1.26 (l)S. 24H). 1.77 (m. 2H), 229- 
2.45 (m. 6H). 8.87 (bs, 1H), 9.19 (bs, 1H); MS (FAB*) mte 381 (M+H)*. 
EXAMPLE 16 

Preparation of the compound of formula (I) where Xi sS, X2 - O, Ri « ~ 
(CH2)i3CH3, R2« -(CH2)30SiPh2f-Bu and R3 » R4 » H [compound (16)] 
Compound (16) was prepared foilovMng the procedure described In the following 

Scheme 2 




37 

Scheme 2. 
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Synthesis of methyl ester (34). A solution of acid (33) (1.15 g. 3.36 mmol) 
(prepared as In: A.G.M. Barrett, J.A. Fiygare J. Org. Chem. 1991, 56. 638-642) 'm 
methanol (25 ml) was treated with 1.62 g (8.44 mmol) of l-p- 
(dimethyiamino)propyq-3-ethylcart)odiimlde hydrochloride (EDC). The resulting 
s solution was sUned under nitrogen at room temperature for 3.5 hours. The solvent 
is then removed under vacuum and the residue was diluted with chlorc^rm (100 
ml) and water (50 mi). The organic layer was washed with brine, dried over sodium 
sulfate and concentrated under vacuum. The cnide residue was purified by silica 
gel column chromatography using hexane-ethyl acetate (9:1) as the eluant, to 
OlO obtain 0.59 g (1.6 mmol. 49% yield) of pure ester (34) as a colorless oH: NMR 

ia! 

W (CDCI3. 200 MHz) 8 1 .05 (s, 9H). 1 .88 (tt. 2H, J - 7.7, 5.9 Hz), 2.47 (t, 2H, J = 7,5 



!^ Hz). 3.66 (s, 3H), 3.68 (t. 2H, J = 6.0 Hz). 7.37-7.42 (m. 6H), 7.63-7.68 (m. 4H). 



^ Synthesis of p-ketoester (36). A solution of f-butyl acetate (35) {4JZ4 g, 36.5 mmol) 
U in anhydrous THF (40 ml) previously cooled at -78 was added drop by drop via 
ryi5 cannula under argon to a 1M solution of LHMDS in THF (51.5 ml, 51.5 mmol). To 
fy the resulting solution, previously stirred at the same temperature for 30 minutes, 
was added drop by drop via cannula another solution of methyl ester (34) (4.07 g, 
11.4 mmol) in anhydrous THF (20 mi) at -78 ^C. The reaction mixbire was stirred 
under argon for 20 minutes at the same temperature, and then 3 more hours at 
20 room temperature. The reaction was quenched with 400 ml of saturated aqueous 
sdution of ammonium chloride and extracted witti diettiyl ether (2 x 300 ml). The 
organic layer was dried over anhydrous sodium sulfate and concentrated under 
vacuum. The crude residue was purified by silica gel column chromatography 
using hexane-diethyl ether (8:2) as the eluant, to obtain 2.8 g (6.4 mmol, 56% 
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yield) of pure p-ketoester (36) as a coiortess oil: NMR (CDCI3. 200 MHz) S 1.04 
(8, 9H). 1.46 (s. 9H). 1.84 (quintet 2H. J - 6.7 Hz), 2.66 (t. 2H. J = 7.3 Hz). 3.34 
(s. 2H), 3.67 (t. 2H. J = 6.0 Hz). 7.37-7.43 (m. 6H). 7.62-7.67 (m. 4H); MS (FAB*) 
m/z441 (M+H)*, 385 (M+H-lsobutene)*. 
s Synthesis of alkyiated ^etoester (37). A solution of p-ketoester (36) (2.79 g. 6.34 
mmol) in anhydrous 1.2-dimethoxyethane (DME) (17 ml) was added to a solution 
of potassium to/t4>utoxide (0.85 g. 6.97 mmol) in anhydrous DME (7 mi). The 
resulting solution was stined at room temperature for 20 minutes, after whidi time 
1.7 ml (1.6 g. 5.7 mmol) of 1-bromotebadecane were added. The reaction mixture 
10 was stirred at 80 for 2 hours. The reaction was quenched with 150 ml of a 
saturated aqueous solution of ammonium chloride arKl extracted witii diettiyiether 
(2 X 300 ml). The organic layer was washed with l>rine, dried over sodkjm sulfate 
and concentrated under vacuum. The crude residue was purified by silica gel 
column chromatography using hexane-diethyl ether (9:1) as the eluant, to obtain 
IS 1.16 g (1.82 mmol, 32% yield) of pure mono-alkylated product (37) as a coiortess 
oil: ^H NMR (CDas, 200 MHz) 8 0.88 (t, 3H, J « 6.2 Hz), 1.04 (s, 9H). 1.25 (bs. 
24H). 1.43 (s. 9H). 1.76-1.89 (m. 4H), 2.64 (td, 2H. J « 7.3. 4.4 Hz). 3.13 (t. 1H. J 
= 7.3 Hz), 3.66 (t, 2H. J = 6:0 Hz). 7.34-7.43 (m. 6H). 7.62-7.67 (m. 4H): MS 
(FAB*) m/z 581 (M-t-H-isobutene)*. 563 (M-<BuO)*. 
20 Synthesis of thiouradl (16). A solution containing alkyiated p^etoester (37) (1.16 
g. 1.82 mmol) in atisoiute ethanol (24 ml) in a screw-cap sealed vial was treated 
first with 0.19 g (2.6 irvnol) of tiitouraa and then wtth 0.25 g (2.0 mmol) of 
potassium te/f-butoxide. The resulting solution was stinred at 100 *^ for 6 hours. 
The solvent was then removed under vacuum. The residue was diluted wttii water 
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and neutraiized to pH » 6-7 witti 0.5 N acetic acid. The product was extracted vnth 
ethyl acetate. The oiiganic layer was washed with brine, dried over anhydrous 
sodium sulfate and concentrated under vacuum. The caide residue was purified 
by silica gel column chromatography using hexane-dtethyt ether (8:2) as the 
s eiuant, to obtain 0.52 g (0.84 mmol. 46% ^eld) of pure thiouradi product (16) as a 
colorless od: NMR (CDCI3. 200 MHz) 5 0.87 (t. 3H. J « 6.2 Hz), 1.10 (s. 9H). 
1 .24 (bs, 24 H), 1 .74 (quintet, 2H, J * 6.8 Hz), 2.34 (t, 2H, J = 7.4 Hz), 2.60 (t, 2H. 
J s 7.5 Hz), 3.74 (t. 2H. J = 5.8 Hz), 7.40-7.46 (m, 6H). 7.66-7.70 (m. 4H), 9.29 
(bs. 1 H), 9.55 (bs, 1 H); MS (FAB*) m/z 547 (M+H-NHC(S)NH)*. 
go EXAMPLE 17 

Is, I 

^ Preparation of the compound of formula (I) where Xi =S, X2 » o, Ri » - 



(CH2)i3CH3, R2- -(CH2)30H and R3 s R4 a H [compound (17)] 

o o 

H H 



fy 



?3 ! 



ie IT 

Scheme 3 



According to the above Scheme 3 the s9yi ether 16 (0.16 g, 0.26 mmol) was 
15 treated with 0,8 ml of a 1 M solution of tetrabutylammonium fluoride (TBAF) in THF 
(0.8 mmol) under argon at room temperature for 2 hours. The solvent was then 
removed under vacuum and the residue was extracted with ethyl acetate. The 
organic layer was washed with brine» dried over sodium sulfate and concentrated 
under vacuum. The cnide residue was purified liy silica gel column 
20 chromatography using hexane-ethyl acetate (1:1) as the eiuant, to obtain 0.079 g 
(0.21 mmol, 81% yield) of pure deprotected alcohol (17) as a white solid: m.p. 128- 
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130 ^C; NMR (CDQa. 200 MHz) S 0.88 (t 3H. J « 6.7 Hz), 1 .25 (bs. 24H). 1 .91 
(quintet 2H. J ' 6.1 Hz), 2.37 (pseudo t, 2H, J = 7.4 Hz), 2.67 (pseudo t, 2H, J = 
6.3 Hz). 3.84 (t, 2H. J = 5.6 Hz). 9.16 (bs. 1H), 10.52 (bs. IH); MS (EI.- 70 eV) mfe 
382 (M)*. 365 (M-OH)*. 323 (M-NHC=S)*. 
5 EXAMPLE 18 

Preparation of the compound of formula (I) where Xi ss, Xs » O, Ri s - 
(CH2)i3CH3, R2» -(CH2)30C(0)CH2NH-Cbz and R3 » R4 » H [compound (18)] 




Scheme 4 



According to scheme 4 a solution of the alcohol (17) (0.038 g, 0.099 nvnoi) in 
anhydrous THF (2.5 ml) was se(^entially treated with 0.031 g (0.15 mmoi) of N- 
cartxjbenzyioxyglycine (A^Cbz-Gly). 0.034 g (0.18 mmol) of 1-p- 
(dimethylamino)propyq-3-ethylcart)odlimide hydrochloride (EDC). and 0.0012 g 
(0.0096 nimol) of 4-(dimeth^amino)pyridine (DMAP). The nrnxture was slirrsd at 
room temperature for 5 hours under argon. The solvent was removed under 
15 vacuum arKi the residue was purified by silica gel column chromatography using 
h«^e-ethyi ac^te (1:1) as the eiuant, to obtain 0.052 g (0.091 mmol. 92% 
yield) of product (18) as a thick syrup: ^H NMR (CDOs. 200 MHz) 5 0.87 (t. 3H. J - 
6.6 Hz). 1.25 (bs. 24H), 1.91 (m, 2H). 2.31 (t, 2H. J = 7.7 Hz). 2.47 (t 2H. J = 7.7 
Hz), 4.07 (d. 2H. J = 5.9 Hz). 4.27 (t. 2H. J = 5.2 Hz), 5,24 (s. 2H), 5.52 (t. IH. J = 
20 5.8 Hz). 7.31-7.38 (m. 5H), 10.09 (bs, IH), 10.85 (bs IH); MS (FAB*) mte 574 
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(M+H)*, 532 (M.C(S)+Hr. 
EXAMPLE 19 

Preparation of the compound of fonnula (I) where Xi ss, Xa s o, Ri s ^ 
(CHaJiaCHs, Ra^ -<CH2)30C(0)CH2NH2 and R3 » R4 s H [compound (19)] 




5 Scheme 5 

According to the above scheme 5 a solution of Cbz-protected compound (18) 
(0.032 g, 0.055 mmol) in trifluoroacetic acid (1 mi) was treated with 0.22 mmol of 
freshly prepared boron tris(trifluoroacetate) (prepared as reported in: J. Pless, W. 
Bauer iAngeiv. Chem. Int. Ed. 1973, f 2, 147-148) at 0 **C under argon. The mbdure 

10 was stirred for 1 hour at the same temperature and overnight at room temperature. 
The solvent was removed under vacuum and the residue was purified by ^lica gel 
column chromatography using a mbdure dichloromethane : acetone 7 : 3 as the 
eluant, to obtain 0.020 g (0.045 mmol, 82% yield) of product (19) as a thick syrup: 
NMR (CDCI3. 200 MHz) 8 0.87 (t, 3H. J = 6.4 Hz). 1.25 (bs, 24H). 1.72 (m. 2H). 

IS 2.32 (m, 2H). 2.63 (m, 2H). 3.61 (t. 2H, J = 7.0 Hz), 4.30 (t, 2H. J = 6.6 Hz); MS 
(FAB*) mfe 365 (M-NHC(S)NH)*. 
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EXAMPLE 20 

Preparation of the compound of fbrmula (T) where Xi ^S^ }^ s o, =-(CH2)i3CH3, 
o 

OOCXBu 

and R3 s R4 s H [compound (20)] 



OOOH 




EDO 
DMAP 



38 



17 




Scheme 6 

According to the above scheme 6 a solution of alcohol (17) (0.120 g, 0.314 mmol) 
in anhydrous THF (10 ml) was treated sequentially with A^Q- 
Ruorenylmethoxycarbonyl)-L^spartlc add fe/f-butyi ester (38) (0.194 g, 0.471 
mmol), 1-[3^cnmethyiamino>propyl]-3^hylcartxxii!rnide hydrochloride ^DC) 
(0.108 g, 0.562 mmol) and 4-(dimethylamlno)pyiidlne (DMAP) (0.0077 g. 0.063 
mmcM). The mixture was stirred under argon at room temperature for 6 hours. The 
solvent was removed under vacuum and the residue was purified by silica gel 
column chromatography (hexane - ethyl acetate 1:1) to afford 0.24 g (0.31 mmol. 
98 % yield) of product (20) as a syrup: NMR (CDCI3. 200 MHz) 5 0.87 (t, 3H, J 
= 6.3 Hz), 1.25 (bs. 24H), 1.46 (s. 9H). 1,93 (m, 2H), 2.30 (m. 2H), 2.49 (m. 2H), 
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2.80 (dd. 1H. J = 16.6. 4.8 Hz). 2.93 (dd. 1H. J = 16.6. 5.0 Hz), 4.24-4.33 (m, 2H). 
4.48-4.54 (m. 2H). 4.67-4.72 (m. 1H). 5.97 (d. 1H). 7.29-7.43 (m. 5H). 7.62 (d. 2H. 
J « 7.2 Hz), 7.76 (d. 2H, J * 7.2 Hz), 9.59 (bs. 1H). 10.58 (bs. 1H). 
EXAMPLE 21 

Preparation of the compound of fomiula (I) where Xt s o, R| ^-{CHaM^Ha, 



o 



^COOfflu 
and Rs B R4 s H [compound (21)] 



piperidine 
20 1 



O 



21 

S(^eme7 



According to the at)ove scheme 7 a solutton of Fmoc-protected product (20) (0.120 
g. 0.155 mmol) in anhydrous dichloromethane (5 ml) was treated with 0.020 g of 
piperidine (0.23 mmoi). The mixture was stirred at room temperature for 30 
minutes. The solvent was removed under vacuum and the residue was purified l)y 
silica gel column chromatography (hexane - ethyl acetate 3:7) to afford 0.040 g 
(0.072 mmol. 47 % yield) of product (20) as a symp: ;'H NIWIR (CDCI3, 200 MHz) 6 
0.87 (t. 3H. J = 6.6 Hz). 1.25 (bs. 24H). 1.46 (s, 9H), 1.94 (m. 2H), 2.33 (t. 2H. J = 
7.2 Hz), 2.56 (t, 2H. J = 7.7 Hz), 2.76 (d. 2H. J = 5.9 Hz). 3.94 (t 1H, J = 5.8 Hz). 
4.21-4.30 (m. 2H). 
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EXAMPLE 22 

PrqiaFafion of the ccxnpound of fonmuia (I) where Xi =S, )^ = O, R| s -{CH2)i3CH3, 



o 




and R3 B R4 * H [compound (22)] 

5 

o 




Sdieme 8 

According to the above scheme 8 the te/t-Butyl ester (21) (0.020 g, 0.040 mmol) 
was treated vidth 0.2 ml of a 1:1 mixture of trKluoroacetic add and 
dichloromefhane. The mixture was stirred at room temperature for 1 hour. The 
10 solvent was removed under vacuum and the residue was purified by silica gel 
cdumn diromatography (acetone - methanol, variable ratios from 100:0 to 50:50) 
tQ.afForcL.0.Q12.g (0.021 mmol, 54 % yield) of product (20) as. a syrup: NMR 
'(CDsOD. 200 MHz) S 0.89 (t 3H, J « 6.8 Hz). 1.29 (bs. 24H). 1.97 (m. 2H), 2.35 
(m. 2H), 2.57 (m, 2H). 2.82 (m, 2H). 4.16-4.44 (m, 3H), 
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u 

ly 



EXAMPLE 23 

Preparation of the compound of fbnmila (I) where Xi ^S, X2 - O, Ri = -(CH^aCHa, 



wherein Bn is benzyl. 

Glucose derivative (23) was prepared following a general procedure for direct 
glycosiiatton of alcohols with glucal donor (39) (as reported in: V. Di Bussoio, Y.-J. 
Kim, D.Y. Gin J. Am. Chem. Soc. 1998, 120, 13515-13516), as reported above in 
scheme 9. 

Trifiuoromethanesuifbnic anhydride (Tf20) (0.030 mi, 0.18 mmol) was added to a 
solution of tri-O-benzil-D-glucal (39) (0.050 g, 0.12 mmol), diphenyisutfoxide 
(0.073 g, 0.36 mmol) and 2,4,64ri-f-butylpyridine (0.104 g, 0.42 mmol) in dry 
chloroform (5 ml) (distilled over P2O5) at - 40 **C. The reaction mixture was stirred 
at this temperature for 1 hour. Methanol (0.005 ml, 0.12 mmol) and triethyiamine 




OH 

and R3 » R4 ^ H [compound (23)] 



Scheme 9 



o 
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(0.050 mi, 0.36 mmol) were added sequentialty at -40 °C and the reaction mixture 
was stin^ at this temperature for 30 minutes, then at 0 for 1 hour and at room 
temperature for 1 hour. A solution of aicotid derivative (17) (0.065 g, 0.17 mmol) 
in dry chloroform (4 ml) was added at 0 ^'C. via cannula. Zinc chloride (0.24 ml, 1.0 
s M in diethyl ether, 0.24 mmol) was added at the same temperature, then the 
temperature was slowiy wanned to room temperature and the reaction mixture 
stined at this temperature for 12 hours. The reaction was diluted with chlorofomi 
(15 ml) and washed sequentially with saturated aqueous sodium bicarbonate 
solution (2 X 15 ml) and a saturated aqueous solution of sodium chloride (15 ml). 
10 The organic layer was dried (Na2S04) and concentrated, the residue was purified 
by sQica get column chromatography (hexane-ethyi acetate 6:4) to afford product 
(23) (0.055 g, 0.067 mmxA, 56% yield) as a colourless oil: NMR (CDCI3) 5 0.87 
(t, 3H, J = 6.3 Hz), 1.25 (bs. 24 H), 1.88 (quintet. 2H, J = 6.4 Hz). 2.44 (pseudo f, 
2H, J ' 7.5 Hz), 2.65 (t, 2H, J - 6.6 Hz), 3.70-3.66 (m. 8H), 4.47 (d, 1H, J = 10.6 
15 Hz). 4.52 (d. 1H. J = 12.1 Hz). 4.65 (d. 1H, J « 12.1 Hz). 4.80 (d, 1H, J « 10.8 Hz), 
4.86 (d. 1H. J « 1 1.4 Hz), 4.92 (d, 1H, J = 11.2 Hz), 5.12 (d, 1H, J = 9.2 Hz). 7.09- 
7.35 (m, 15H), 9.61 (bs. 1H). 11.29 (bs. IH); MS (FAB*) mfe 815 (M+H)*. 
EXAMPLE 24 

Preparation of the compound of formula (1) where Xi a S, Xa a O, Ri » 
20 -{CH2)i3CH3, R2= ethyl, R3 = -CHaCOOCaHs, and R4 « H [compound (24)1 

Anhydrous (NH4)2S04 (0.0013 g, 0.011 mmol) and 1,1,1.3,3,3- 
hexamethyldisilazane (HMDS) (0.75 ml, 3.41 mmol) were added, under argon 
atmosphere, to compound (3) (0.05 g, 0.14 mmol). The resulting suspension was 
lieated at 130 °C and stirred at this temperature for 6 hours. The mixhjre was then 
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concentrated at room temperature under a flux of argon. Anhydrous THF (3 ml) 
was added, and ttie resulting sdution was stin^d at * 45''C. TrimethylsiiyI triflate 
(TMS triflate) (0.03 nd, 0.145 mmol) and ethyl bromoacetate (0.046 g, 0.027 mnnol) 
were sequentiaUy added and the mixture was stirred at - 45 ""C for 3 hours, then at 
room temperature for 1 hour. Saturated aqueous NaHCOs (3 ml) was added and 
THF was removed under vacuum. The residue was diluted with l-i20 (20 ml) and 
extracted with ethyl acetate (3x10 mi). The organic layer was dried with Na:^04 
anhydrous, and concentrated to dryness. The residue was purified by semi- 
preparative thin^ayer column chromatography (hexane/ethyl acetate 7:3) to afford 
productX24) (0.010 g, 0.023 mmol, 16% yield) as a colouriess oil: NMR (CDCI3, 
200 MHz) 5 0.87 (t. 3H, J = 6.6 Hz), 1.17 (t. 3H. J = 7.2 Hz), 1.25-1.43 (m, 27H). 
2.44 (pseudo 1 2H, J 7.2 Hz), 2.54 (t, 2H. J = 7.5 Hz), 3.91 (s, 2H); 4.21 (q. 2H, 
J = 7.3 Hz), 10.88 (bs, 1H); ); MS (FAB*) m/z 439 (M+H)\ 

According to procedures analogues to those atx>ve reported, the following 

compounds of formula (I) were prepared: 

- compound (I) wherein Xi =S, X2 = O. Ri = -(CH2)i3CH3. 



and 1^ = R4 - H [compound (25)]; 

- compound (I) wherein Xi =S, X2 = O, Ri = -(CH2)i3CH3. R2 - -(CH2)3Br and R3 = 
R4 - H [compound (26)]; 

• compound (1) wherein Xi =S, X2 = O, Ri = -(CH2)i3CH3. 
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and R3 = R4 - H [confound (Z7)]; 

- compound (I) wherein Xi =S, X2 = O, Ri = -(CH2)i3CH3, R2 = -(CH2)3N(C2H5)3*Br 
and R3 - R4 - H [compound (28)]. 
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CYTOTOXICITY TEST 

The cytotoxidty of the compounds synthesized 1-28 was assessed using a 
human leukemia celi line called CCRF/CEM. The CCRF/CEM cells were cultured 
in a culture medium containing RPMI 1640 (90%), bovine fetal sera (10%) and 
tnterieukin-2 (100 U/ml). The cytotoxicity assay was perfonned on 104 CORF/GEM 
cells seeded in 35 mm wells in 2 ml of culture medium. The cells were treated with 
the compounds under consideration for 72 houre and at the end of the period of 
exposure their number was counted and compared with tiiat of control cells 
treated with Cz-ceramide in order to establish the percentage of growtti inhibition. 
The concentration capable of inhibiting 50% of cell growth was calculated by non- 
linear regression of the experimental data as descrit)ed in M. Macchia, N. Jannittt, 
G.B. Gervasi. R. Danesi. J Mecf Cham, (1996) 39 (7): 1352-1356. 
The resulting values of ICso expressed in \itA are given in the following table: 



Compound 


iCso(MM) 


controls 


31.6 


(3) 


1.7 


(4) 


6.3 


(6) 


0.97 


(9) 


13.2 


(10) 


8.7 


(11) 


20 


(12) 


29.1 


(13) 


20.7 


(14) 


15.6 
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Claims 

1. Compounds of general fonnula (I) 




0) 



Xi and Xz are selected between O and S; 

Ri and Ra are selected between -(CH2)i3CH3 and alkyi or alkylene groups with 
from 2 to 6 carbon atoms, linear or branching, unsubstituted or substituted witli 
one or more substituents selected among aromatic, primary, secondary and 
tertiary aminic. quaternary ammonium, carboxylic. hydroxylic, polyoxyalkyi and 
ethereal groups, aminoacids, halogen atoms or saccharidic portions, providing that 
between Ri and R2 only one is always -(CH2)i3CH3. 

R3 and R4 are selected between H and alkyi or alkylene groups witti from 2 to 6 

carbon atoms, linear or branching, unsubstituted or substituted with one or more 

substituents selected among aromatic, primary, secondary and tertiary aminic, 

quaternary ammonium, carboxylic* hydroxylic, polyoxyalkyi and ethereal groups. 

aminoacids. halogen atoms or saccharidic portions. 

2. The compounds of general formula (I) according to claim 1 , where: 

Xi = S. X2 « O. Ri = ethyl, R2 = -<CH2)i3CH3, and R3 = R4 = H (compound 1); 

Xi « X2 = O. Ri = ethyl. R2 = -(CH2)i3CH3. and R3 = R4 = H (compound 2); 

Xi= S. X2 = O, Ri = -(CH2)i3CH3. R2 = ethyl, and R3 = R4 = H (compound 3); 

Xi = X2 = O, Ri = -(CH2)i3CH3. R2= ethyl, and R3 = R4 = H (compound 4); 
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Xi a S. X2 s O, Ri s -(CH2)i3CH3, Rz = n-propyl. and Rs » R4 » H (compound S): 
Xi = X2 = O, Ri = -(CH2)i3CH3, R2 = n-propyl, and R3 - R4 = H (compound 6); 
Xi = S. X2 = O, Ri « -(CH2)i3CH3. R2 = /j-butyl. and Rs - R4 - H (compound 7); 
Xi « X2 « O, Ri « -(CH2)i3CH3, R2 s n-butyl, and R3 » R4 - H (compound 8); 
Xi a S. X2 = O. Ri = -(CH2)i3CH3. R2 = Abutyl, and R3 » R4 = H (compound 9); 
Xi * X2 « O, Ri = -(CH2)i3CH3. R2 =Abutyl, and R3 » R4 » H (compound 10): 
Xi = S. X2 = O, Ri = -(CH2)i3CH3, R2 = neopentyl, and R3 = R4 = H (compound 



Xi « )(2 a O, Ri = -(CH2)i3CH3. R2= neopentyl, and R3 = R4 = H (compound 12): 
Xi « S. X2 = O. Ri = -(CH2)i3CH3. R2 = 2i3henyl-ethyl. and R3 = R4 « H 
(compound 13): 

Xi = X2 * O. Ri = -(CH2>i3CH3, R2 = 2-phenyl-ethyl, and R3 - R4 = H (compound 



Xi s S. X2 « O. Ri « -(CH2)i3CH3. R2a -(CH2)3NH2. and R3 = R4 = H (compound 
15): 

Xi =S, X2 = O, Ri = -(CH2)i3CH3, R2 = -(CH2)30SiPh2f-Bu. and R3 » R4 = H 
(compound 16): 

Xi ■ S, X2 » O. Ri * -(CH2)i3CH3. R2 = -(CH2)30H. and R3 - Ri « H (compound 
17): 

Xi =S. )(2 = O, Ri = -(CH2)i3CH3. R2» -(CH2)30C(0)CH2NH-Cbz. and R3 = R4 = H 
(compound 18): 

Xi ==8. X2 = O. Ri = -(CH2)i3CH3. R2 = -(CH2)30C(0)CH2NH2. and R3 = R4 = H 



11): 



o 




(compound 19); 



RnocNH 




COOIBu 
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and R3 = R4 = H (compound 20); 
Xi =S, X2 = O. Ri = -(CH2)i3CH3 



R2» I 



XKCH^ 



'COOlBu 

and R3 = R4 = H (compound 21); 
Xi aS. Xa « O. Ri = -(CH2)i3CH3 




0(CH2)3- 



COOH 



and R3 s R4 » H (compound 22); 
Xi =S, X2 = O. Ri = -(CH2)i3CH3 



R2' 




0(CH2)3- 



wherein Bn is benzyl and R3 =: R4 = H (compound 23); 

Xi «S. Xa = b, Ri = -(CH2)i3CH3. R2 = ethyl, R3 = -CH2COOC2H5, and R4 

(compound 24); 

Xi =S. X2 « O. Ri = -(CH2)i3CH3 
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and R3 = R4 = H (compound 25); 

Xi =S, X2 = O, Ri = -{CH2)i3CH3. R2= -(CH2)3Br, and R3 = R4 = H (compound 26); 
X, aS. Xa = O. Ri = -(CH2)i3CH3 




and R3 = R4 « H (compound 27); 

Xi =S. X2 = O. Ri = -(CH2)i3CH3, R2 = -(CH2)3N(C2H5)3*Br-. and R3 = R4 « H 
(compound 28). 

3. The compounds of general fbmiula (I) according to dalm 1, where: 

Xi* S; Xy» Oi Ri =-{CH2)i3CH3. R2= ethyl, and R3 » R4 » H (compound 3); 
Xi= X2 = O. Ri = -(CH2)i3CH3, R2 = ethyl, and R3 = R4 = H (compound 4); 
Xi* X2 * O. Ri * -(CH2)i3CH3, R2= n-propyl, and R3 * R4 = H (compound 6); 
Xi* X2 = O, Ri = -(CH2)i3CH3. R2 = M)utyl. and R3 = R4 « H (compound 10). 

4. Phannaceutical preparations including as their active ingredient at least one of 
the compounds of the general formula (I) described In claims 1-3, and/or their 
phamiaceutically acceptable derivatives or salts, together with excipients and/or 
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dihtents. 

5. Use of the compounds of the general fomiula (I) described in claims 1-3 for the 
preparation of pharmaceutical formulations. 

6. The use according to daim 5, for the preparation of pharmaceutical 
fomiulations for use in the treatment of tumours. 
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